Although the sequence of structural changes that occurs during plastid development suggests that prothylakoid membranes are used in some way in the formation of photosynthetically active thylakoids, many of the biochemical details of this process remain to be elucidated. Conventional studies have been confined mainly to the greening of etiolated plant tissues, grown in continuous darkness for several days or weeks, then irradiated either with continuous light (7, 19) Two liters of vermiculite (Terra Lite) were placed in a Pyrex tray (22 x 34 cm) and uniformly moistened with 1.2 liters of Hoagland nutrient solution. Seeds were evenly distributed over the moist vermiculite and covered with a thin layer of vermiculite (1 cm) which was moistened with a small amount of distilled H20. Finally, the planted tray was covered with an inverted Pyrex tray. Covered trays were placed in a growth chamber at 28 C under a 14-hr light 1 0-hr dark photoperiodic regime, starting at the beginning of the first light cycle. Illumination was generated by 14 banks of cool white fluorescent lights and six 60 w tungsten bulbs. The light intensity as measured with a calibrated Isco spectroradiometer model SR and a Weston light meter model 756 was 3,538 ,uw cm-2 (900 ft-c). On the 3rd day after sowing, the cover trays were removed and the seedlings were watered daily thereafter with Hoagland solution.
accumulation of protochiorophyil. Higher levels of protochlorophyil were observed in the dark than in the light, and the greatest accumulation occurred during the third and fourth dark cydes. Protochlorophyllide ws present in 3-to 10- Although the sequence of structural changes that occurs during plastid development suggests that prothylakoid membranes are used in some way in the formation of photosynthetically active thylakoids, many of the biochemical details of this process remain to be elucidated. Conventional studies have been confined mainly to the greening of etiolated plant tissues, grown in continuous darkness for several days or weeks, then irradiated either with continuous light (7, 19) Omni-Mixer. After centrifugation, the pellet was washed once with 3 ml of 80% acetone (v/v) and recentrifuged. The resulting supematant was combined with the original extract. The amount of Chl in the 80% acetone extract was determined spectrophotometrically according to Anderson and Boardman (2) .
Although most of the Chl was extracted in acetone-0.1 N NH40H, a small amount remained bound to the washed pellet. The amount of bound Chl was determined spectrofluorometrically as described earlier (13), but with the following modifications. The acetone-precipitated lipoprotein pellet was thoroughly suspended in 15 ml of 0.5 M sucrose, 0.2 M tris-HCI Plant Physiol. Vol. 60, 1977 (pH 7.7) with the aid of a TenBroeck homogenizer. The corrected fluorescence emission spectrum of the bound Chl was recorded at an excitation wavelength of 440 nm, and exhibited an emission band between 640 and 700 nm, with an emission maximum at about 676 nm (13) . The fluorescence integral between 640 and 700 nm (i.e. the area between 640 and 700 nm) was determined by planimetry and was converted to nmol of Chl a + b by reference to a standard curve. The standard curve was calibrated in nmol of Chl a + b (3:1 )/ml of pellet suspension. Within the concentration range of 0.05 to 1.6 nmol of Chl a + b/ml of pellet suspension, the fluorescence integral between 640 and 700 nm was proportional to the Chl a + b concentration.
Extraction and Determination of Protoporphyrin IX, MgProtoporphyrin IX Monoester, and Pchl. After adjusting the Chl extract to 75% acetone with H20, Pchlide ester was transferred to hexane and determined spectrofluorometrically as described earlier (15) . Protoporphyrin IX and Pchlide remained in the hexane-extracted acetone fraction, and were determined spectrofluorometrically as reported elsewhere (15 (12) .
RESULTS
Cotyledon Growth during Photoperiodic Greening. The cucumber cotyledons exhibited a significant increase in fresh weight and expanded considerably during the first seven growth cycles (Fig. 1) mulation of these pigments began during the third growth cycle that paralleled the emergence and subsequent physical development of the cotyledons (Fig. 1) . By the seventh growth cycle, a 250-fold increase in the level of Chl a + b was observed. At all stages of greening, the Chl a/b ratio was approximately 3. Accumulation of Pchl during Photoperiodic Greening. The levels of Pchlide and Pchlide ester, the respective immediate precursors of Chlide a and Chl a, were also monitored during the light and dark cycles of the greening process. Neither of these pigments could be detected in dry seeds. Their synthesis and accumulation was first observed during the first dark cycle (Fig. 3) .
Pchlide constituted the bulk of the Pchl pool (Fig. 3A) postulated to represent the metabolic intermediates between Mg-protoporphyrin IX monoester and divinyl Pchlide (14) . It was therefore of interest to investigate the behavior of these putative intermediates of the Pchl biosynthetic pathway during photoperiodic greening.
The MPE-equivalent accumulated only during the light cycles of photoperiodic greening, and disappeared during the subsequent dark cycles (Fig. 4) (14, 15) .
One of the characteristics of etiolated tissues greening under continuous light is the observation of a time lag in the biosynthesis and accumulation of Chl b in comparison to that of Chl a. The extent of this lag phase seems to depend on the plant species and on the age of the etiolated tissue (6, 11, 19) . For example, Thorne and Boardman (20) , using a sensitive spectro- (14) (15) (16) 18) . The MPE-equivalent was thus formed in excess during active greening, and was presumably converted to Pchl in the dark.
Pchlide was always present in higher amounts than Pchlide ester, and was more ubiquitous during the life of the cotyledons (Fig. 3) . Furthermore, the levels of Pchlide were always higher in the dark than in the light. These observations are compatible with the acknowledged photoconvertibility of Pchlide to Chlide a in the light, and the role of Pchlide as the major precursor of Chl in higher plants (3, 6, 17) .
In contrast, Pchlide ester was detectable only during the first Plant Physiol. Vol. 60, 1977 four growth cycles (Fig. 3B) . Like Pchlide, it was present at higher levels during the dark phases of photoperiodic greening than during the light phases (Fig. 3B) . Since the phototransformation of Pchlide ester has been recently demonstrated in several laboratories (8, 9) , it is concluded that this pigment contributes to Chi accumulation only during the early stages of photoperiodic greening. The Pchl holochromes which appear to participate in Chl biosynthesis during photoperiodic greening will be described in forthcoming papers.
